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The title compound, C 2 2H 2 2FN 3 , exists as a zwitterion with the 
negative charge on the dicyanomethanide group and the 
positive charge on the pyridinium N atom. The molecule 
adopts a Z conformation about the central C=C bond. The 
dihedral angle between the pyridinium and benzene rings is 
65.65 (5)°. Weak C— H- ■ -N hydrogen bonding is present in 
the crystal structure. 



Data collection 

Rigaku R-AXIS RAPID 
diffractometer 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 
r mi „ = 0.982, r maI = 0.986 

Refinement 

R[F 2 > 2a(F 2 )} = 0.043 

wR(F 2 ) = 0.080 

S = 1.01 

3406 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



9762 measured reflections 
3406 independent reflections 
2154 reflections with I > 2a(l) 
R in , = 0.046 



237 parameters 

H-atom parameters constrained 
Ap max = 0.13 e A~ 3 
A/> mi „ = -0.14 e A~ 3 



D-H-A 


7J-H 


H- ■ A 


D-A 


D-H- - A 


C3-H3/1- ■ N2' 


0.93 


2.61 


3.535 (3) 


175 


C16— K16A- ■ -m* 


0.93 


2.51 


3.354 (3) 


151 


Symmetry codes: (i) — x - 


F 1, -y, -z; C 


ii) x, — y + j, z 


i 

2- 





Data collection: RAPID-AUTO (Rigaku, 1998); cell refinement: 
RAPID-AUTO; data reduction: CrystalStructure (Rigaku/MSC, 
2002); program(s) used to solve structure: SHELXTL (Sheldrick, 
2008); program(s) used to refine structure: SHELXTL; molecular 
graphics: SHELXTL; software used to prepare material for publi- 
cation: SHELXTL. 



Related literature 

For details of zwitterionic chromophores and their applica- 
tions, see: Hao (2011); Hao et al. (2011). For related structures, 
see: Metzger & Heimer (1984); Bell et al (2002); Cole et al. 
(1997); Szablewski et al. (1997); Xiong et al. (2008). For the 
synthesis, see: Hao (2011). For standard bond lengths, see: 
Allen et al (1987). 




Experimental 

Crystal data 

C22H22FN3 Monoclinic, Pljc 

M T = 347.43 a = 10.485 (3) A 
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(Z)-l,l-Dicyano-2-(4-fluorophenyl)-3-(l-hexylpyridin-l-ium-4-yl)prop-2-en-l-ide 
W.-H. Hao, C. Wang, G. Qian and Z.-Y. Wang 

Comment 

Structure determination of the title compound (I), C22H22FN3 (Fig. 1), was performed as a part of a project in our laborat- 
ory on the synthesis of new series of D + -7i-A~ zwitterionic chromophores for electro-optic and near infrared chemosensor 
applications (Hao, 2011; Hao et al., 2011). 

The title compound (I) crystallizes as a zwitterion in which the negative charge on the dicyanomethanide (-C(CN)2) 
group and the positive charge on the N atom in the pyridinium ring. It presents a Z configuration of the central C7=C11 
double bond with the torsion angle C12— Cll— C7— C8 being -168.25 (17) °. 

The bond length between C7 and Cll (1.3837 (19) A) is similar to the value observed in other zwitterionic compounds 
(Metzger & Heimer, 1984; Bell et al, 2002), which clearly indicates the double bond 7i-bridge separating the pyridinium 
and dicyanomethanide groups. A significant displacement of electron density (or charge transfer)from the pyridinium ring 
(donor) to the -C(CN)2 group (acceptor) was confirmed, corresponding to a large contribution of the zwitterionic resonance 
structure in compound (I). 

The bond lengths between C7 and C8 (1 .4078 (20) A), C7 and CI 1 (1.3837 (19) A) suggest electron derealization among 
the three carbon atoms. However, more single bond characteristic is observed between C7 and C8;also evident from the 
observed two C—CN bonds (1.4111 (22) Aand 1.4201 (23) A) in compound (I) versus 1.427 A in typical 7,7,8,8-tetracyan- 
oquino-dimethanes(TCNQs), indicating substantial negative charge localization within the -C(CN)2 group, and elongated 
CN (1.1514 (20) A and 1.1472 (20) A) bond compared to that in typical TCNQs (1.144 A) (Allen et al, 1987) indicating 
a result of charge resonant stabilization via the two CN groups. 

Although the bond lengths in the conjugated bridge and acceptor part clearly demonstrated a zwitterionic molecular struc- 
ture of compound (I), the bond length of the pyridinium ring is quinoidal rather than aromatic. The C 13 — C14 and C 15 — CI 6 
bonds (with bond lengths of 1.3516(20)A, 1.3491 (2 1) A) are shorter than the C12—C 13 and C12—C15 bonds (1.4088 (21) 
A and 1.4125 (20) A). Similar phenomena have also been reported for several TCNQ and 7,8-di(alkoxycarbonyl)-7,8- dicy- 
anoquinodimethane zwitterionic adducts (Cole et al., 1997; Szablewski et al, 1997; Xiong et al, 2008). Therefore, the best 
description of the ground state structure of compound (I) is the combination of the two limiting forms (Fig. 3), zwitterionic 
and neutral forms with predominantly zwitterionic structure. 

As shown in Fig.2, two types of weak intermolecular C-H..N hydrogen bonds connect adjacent molecules, forming a 
2-D layer structure in the be plane with the bond lengths and angles being 3.354 (3) A, 150.77 (1) 0 (C16 — H16A - N1) 
and 3.535 (2) A, 174.79 (1) 0 (C3— H3A-N2). 
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Experimental 



Under anhydrous and oxygen-free conditions, to a 50 ml round-bottomed flask malononitrile (0.50 g, 7.4 mmol), sodium 
hydride (0.30 g, 60%, 7.5 mmol) and 2-(4-fluorophenyl)-3-pyridine-4-yl-acrylonitrile bromide salt (Hao, 2011) (1.0 g, 2.6 
mmol) in 20 ml of THF were added at 0°C. After 30 min, the insoluble inorganic salt was removed by filtration, and 
the filtrate solution was concentrated under reduced pressure. The residue was purified by column chromatography (flash, 
mixture of acetone and hexane with the ratio 1 : 1) to produce (I) (0.56 g, 63% yield). Orange-red crystals were obtained from 
a hexane/acetone solution of (I) by slow evaporation at room temperature. 



The H atoms attached to the carbon atoms were placed in calculated positions, with C — H — 0.93-0.97 A, and were refined 
in the riding-model approximation with (7i S0 (H) = l.5U e JC) for methyl H atoms and 1.2C/ e q(C) for the others, 



Refinement 



Figures 




Fig. 1 . The Molecular structure of compound (I) with displacement ellipsoids drawn at the 
30% probability level. Hydrogen atoms were omitted for clarity. 




Fig. 2. Partial packing view showing the 2-D layer structure of compound (I) through two 
types of weak intermolecular C-H..N hydrogen bonds. Hydrogen bonds are shown by dashed 
lines. 




Fig. 3. Resonance structures of the title compound. 



(Z)-1 ,1 -Dicyano-2-(4-fluorophenyl)-3-(1 -hexylpyridin-1 -ium-4- yl)prop-2-en-1 -ide 



Crystal data 



C22H22FN3 



F(000) = 736 

D x = 1.193 MgnT 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 7543 reflections 

9 = 2.0-25.0° 



M,-= 347.43 



Monoclinic, P2\lc 
Hall symbol: -P 2ybc 



a = 10.485 (3) A 
b = 8.809 (2) A 
c = 21.313 (5) A 



|i = 0.08 mm 
r=295K 
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(3= 100.628 (4)° Prism, red 

V= 1934.7 (8) A 3 0.24 x 0.21 x 0.18 mm 

Z=4 



Data collection 



Rigaku R-AXIS RAPID 
diffractometer 

Radiation source: fine-focus sealed tube 
graphite 

Detector resolution: 10.000 pixels mm" 1 
(0 scans 

Absorption correction: multi-scan 
(ABSCOR; Higashi, 1995) 

r min = 0.982, r max = 0.986 

9762 measured reflections 



3406 independent reflections 
21 54 reflections with / > 2o(7) 



0.046 



Qmax - 25.0°, 9 m ; n - 1.9° 

£ = -12^9 
£ = -10^10 
/= -24^25 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2a(F 2 )] = 0.043 
wR(F 2 ) = 0.080 

S= 1.01 

3406 reflections 
237 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = l/[a 2 (F 0 2 ) + (0.0208P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 
Ap max = 0.13 e A~ 3 
Ap mi „ = -0.14eA" 3 



Special details 

Experimental. Melting point: 167 °C; UV-Vis: X. max = 486 nm (DMF); FTIR (KBr, cm" 1 ): 2192, 1640, 1571, 1450; [ H NMR (400 
MHz, (CD 3 ) 2 SO): (8 p.p.m.): 7.81 (2H, d, J = 7.1 Hz), 7.36 (2H, d, J = 8.7 Hz), 7.32 (2H, d, J = 8.7 Hz), 6.34 (2H, d, J = 7.1 Hz), 5.88 

(IH, s), 3.92 (2H, t), 1.22 (6H, m), 0.83 (3H, t); 13 C NMR (100 MHz, (CD 3 ) 2 SO: (6 p.p.m.): 161.2, 151.4, 139.8, 133.7, 130.0, 129.9, 
119.8, 119.2, 118.2, 116.6, 116.4, 101.7,56.7, 30.4,29.8, 24.9,21.8, 13.7; TOF HRMS (ESI, DMF/Acetonitrile 1:1, m/z): Calculated 
value: 347.1798 [M] + . Found: 348.1776 [M+ H] + , 370.1608 [M+Na] + . 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


£^iso*/^eq 


F 


0.00950 (11) 


0.32278 (14) 


0.14713 (6) 


0.0895 (4) 


Nl 


0.52466 (16) 


0.0019 (2) 


0.21926 (7) 


0.0776 (6) 


N2 


0.79360 (16) 


0.0489 (2) 


0.08676 (7) 


0.0706 (5) 


N3 


0.31701 (13) 


0.49453 (16) 


-0.14317(6) 


0.0446 (4) 


CI 


0.12274 (18) 


0.2874 (2) 


0.12778(9) 


0.0548 (5) 
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Atomic displacement parameters (A 2 ) 
U n U 22 

F 0.0586(8) 0.1145 (11) 0.1030 (10) 0.0154 (7) 0.0347 (7) -0.0070(8) 
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D—H-A 


D — H 
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151 


Symmetry codes: (i) -x+1, -y, -z; (ii) x. 


-j>+l/2,z-l/2. 
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